preted. On the other hand, a serum-calcium lowering factor which was found by COPP et al. (1962) and was recently confirmed to be contained in the thyroid gland by HIRSCH et al. (1963) .
This new thyroid hormone is called calcitonin (COPP et al. 1962) or thyrocalcitonin (HIRSCH et al. 1963) . On the basis of the data concerning enzymatic activities as demonstrated by histochemical examinations, FOSTER et al. (1964) suggested that the thyrocalcitonin might be secreted from the so-called mitochondrion-rich cells of the thyroid. But the identification of these cells with the parafollicular cells could not be established. In order to elucidate a possible relationship between the parafollicular cell and the hormone concerning the calcium metabolism, light and electron microscopic examinations were performed on the thyroid glands of normal and calcium-injected rats. The thyroids of hypophysectomized rats were also observed for the clarification of the hormonal dependency of the parafollicular cells.
Materials and Methods
Adult rats of Wistar strain were used as experimental animals. Prior to each experiment, all animals were fed with a standard compressed diet (Oriental Co., Tokyo) and kept at a room
Physiological examination
As a preliminary experiment, the influence of intravenous injection of calcium solution on the serum calcium level was observed.
Forty female rats weighing 140-200g were used.
Ten rats out of the forty were reserved as a control without the following treatment. 1.0ml of calcium chloride solution, containing 10mg of calcium ion per ml was injected 1.0ml per kg of body weight into the femoral vein of each experimental animal under a slight anesthesia with ether. The blood of each animal was collected on decapitation at 5, 15, 30 minutes and 1, 2, 3, 4, 5, 6, and 7 hours after calcium injection. The serum was separated immediately. The measurement of total calcium level and of the protein content in the serum was carried out by means of a flame-spectrophotometer and a protein refractometer respectively.
Preparation of morphological specimens
For electron microscopy, six male rats weighing 140-200g were used in the first series of experiments.
Two of them were employed as a control and four rats were injected intravenously with 1.0ml of the calcium solution per kg of body weight by the same method as in the preliminary experiment mentioned above. They were sacrificed 2 and 4 hours after calcium injection, and their thyroid glands were romoved. One lobe of each thyroid gland was immediately fixed with osmic acid solution buffered at pH 7.4 and made isotonic as introduced by CAULFIELD (1957) for 90 minutes, while the other lobe of each thyroid was fixed with 6% glutaraldehyde buffered with cacodylate-HCl at pH 7.4 for 90 minutes and then postfixed with Caulfield's osmic acid fixative for the same period.
In the second series of experiments, ten male rats weighing 140-200g each were hypophysectomized by the transauditory method of KOYAMA (1962) and were sacrificed at 3, 5, 7, and 10 days after the oparation.
One lobe of each thyroid gland was fixed with the Caulfield's fixative and the other lobe of the same gland glutaraldehyde followed by the Caulfield's fixative.
In order to remove contaminated formic acid, commercial glutaraldehyde solution indicating pH 2.4 was passed through a columm of anion exchange resin (Dowex-1), and the stock solution of glutaraldehyde showing pH 6.8 was obtained.
The specimen either fixed with osmic acid or glutaraldehyde followed by osmic acid were dehydrated with a series of ethanol of ascending concentrations and were embedded in Epon 812 by the method of LUFT (1961) . They were sectioned with a Porter-Blum ultramicrotome and were doubly stained with a saturated aqueous solution of uranyl acetate and lead hydroxide after MILLONIG (1961) . An HS-7 electron microscope equipped with a modified electric source with high voltage stabilizer by feed-back mechanism, a double condenser system and a stigmator. Electron micrographs were taken under either 50 or 75kV of accelerating potential at 5,000-10,000 times electronic magnification, and thereafter enlarged photographically as desired.
For light microscopy, the thyroid glands of normal male rats which were fixed with 6% Such specimens were stained with the periodic acid-Schiff method, azan or hematoxylin-eosin, and compared with those fixed with Zenker or Ciaccio fixative.
Measurement of population density of secretory granules
Fifty electron micrographs containing parafollicular cells which were taken from the specimens fixed with glutaraldehyde followed by osmic acid were taken at random for measurement from each of the four experimental groups, i. e., the control, 2 and 4 hours after calcium injection and 7 days after hypophysectomy. The cytoplasmic area of each cell was measured with a planimeter, and the total number of secretory granules contained in the same cell was counted. The population density of secretory granules in a given cell in each experimental group was indicated by the number of granules in a square micron of the cytoplasmic area.
Results

Changes in total serum calcium content after calcium injection
The control level of the total serum calcium was determined in ten normal animals. Each value was distributed from 5.68 to 5.96mE/l and its mean value was 5.92mE/l. Immediately after a single injection of calcium chloride solution into the femoral vein, the total serum calcium increased suddenly and reached to the maximum 6.70mE/l at 15 minutes after the injection, and from that time the serum calcium level decreased rapidly and almost sank to the control level at one hour after the injection. It is an interesting fact that the decrease of the total calcium content continues until four hours after the injection and the minimum value is far below the normal level, that is 5.03mE/l. Thereafter it increased gradually and recovered to 5.56mE/l at seven hours after the injection. These results are shown in Fig. 1. 2. General structure of the parafollicular cells.
Light microscopy Prior to the electron microscopic observations, thick sections obtained from the same specimens used for electron microscopy were stained with 1% toluidine blue solution and were observed under the ordinary light microscope.
The parafollicular cells are seen somewhat larger than the follicular cells in size under normal conditions, and round or hemispherical in shape (Fig. 2) . They occur singly or grouped and are in contact with the follicular epithelium.
The nuclei are somewhat larger than those of the follicular cells. Their cytoplasm and nuclei are both weakly stained with toluidine blue as compared with those of the follicular cells. In hypophysectomized rats, the ordinary follicular cells underwent the atrophy and were flattened, especially remarkable for the nuclei, which were subject to pycnosis, while the parafollicular cells remained unchanged (Fig. 3) . The parafollicular cells can be identified more easily and their localization was demonstrated more clearly in the thick sections of hypo physectomized rats than in the specimes from the normal animals, when observed with the light microscope. The specimens obtained from the materials which were fixed with glutaraldehyde and were embedded in paraffin were also stained with the ordinary stain for light microscopy such as PAS-reaction, azan and hematoxylin-eosin, and compared with those fixed with Zenker or Ciaccio fixatives, but no marked difference could be found on the stainability of both the follicular and parafollicular cells. The indicated maximum value is 6.70mE/l at 15min. after the injection, while the minimum is 5.03mE/l at 4 hours after the injection, far below normal.
between the adjacent parafollicular cells themselves (Fig. 4) . The desmosome-like structures, which are not typical, also occur between the parafollicular cells themselves, The nuclei are They undergo atrophy and are extremely flattened. Flattened nuclei are subjected to pycnosis. The parafollicular cells (P) remained unchanged in structure and seemingly a little greater in number than in the round or oval and their surfaces are smooth in general and contain one or two nucleoli which are usually situated near the nuclear membrane.
The mitochondria are round, oval or rod-shaped, though the last shape is most abundant, and they are scattered throughout the cytoplasm. Sometimes they showed a tendency to be clustered. Bundles of fine filaments may be observed in almost all of the parafollicular cells (Fig. 6, 7 ). The multivesicular bodies are often found, but the centrioles and cilia are rarely observed (Fig. 6 ). The Golgi apparatus is well-developed and two or more clusters of the Golgi elements can usually be found in one cell . Some vesicles or sacs of the Golgi apparatus may contain dense material, from which the secretory granules may be produced (Fig. 5, 7) . The rough endoplasmic reti- A structure like a curved dumbbell (arrow) indicates the accumlation of secretory substance in a curved Golgi lamella with ex-culum is moderately developed and usually arranged in the parallel lamellae (Fig. 6, 8 ). Free ribosomes, mainly grouped in rosettes, are abundantly scattered throughout the cytoplasm.
The most characteristic feature of the parafollicular cell is abundance of the secretory (Fig. 12, 13 ). After the single fixation with osmium tetroxide, only the secretory granules in the Golgi region appear as dense granules, but most of the granules Fig. 7 . A part of a parafollicular cell of the rat 5 days after hypophysectomy. Bundles of the fine filaments (f) and clear secretory vesicles (sv) are scattered through the peripheral cytoplasm. The Golgi apparatus (G) is situated at about the center, in which small secretory granules are contained. An arrow shows the formation of secretory granules within the Golgi sac. Multivesicular bodies (mb), mitochondria (mt) and large homogeneous dense bodies (db) scattered in the general cytoplasm are seen as clear vesicles either containing less dense material or completely transparent in appearance (Fig. 5, 6 ). In the specimens fixed with glutaraldehyde followed by osmium tetroxide, the secretory granules are demonstrated as solid granules of high electron density (Fig. 12-20) . However, the density of the granules varies secretory granules is rather active in the Golgi apparatus (G). Multivesicular bodies (mb) and large dense bodies (db) are contained. The left upper part is occupied by some follicular double fixation.
It is observed clearly after glutaraldehyde-osmium fixation that the dense material contained in the secretory granules, which are situated along the basal plasma membrane, may be discharged through the small opening into the extracellular space facing the Figs. 9 and 10. Dense bodies occurring abundantly in the parafollicular cells. Some of the bodies contain clear vesicular spots. The parafollicular cell fixed with OsO4 alone (Fig. 9 ) contains clear secretory vesicles, while the cell after a double fixation with glutaraldehyde cell discharges their secretory substance by means of the mechanism of the so-called extrusion type IV (KUROSUMI, 1961) . The dense bodies may be found in the cytoplasm of the parafollicular cells of the normal and experimental rats. Two different morphological types are seen -the homogenous and vesicular types. The latter including vesicular substructures in the Fig. 11 . A low power electron micrograph of the thyroid gland 5 days after hypophysectomy. The parafollicular cells appear in a group in the left lower corner.
In the follicular epithelia, facing the luminal colloid (C) are seen typical changes due to hypophysectomy. The rough endoplasmic reticulum of the dark cell (D) is complicated in structure and is continuous body is almost as large as the homogenous one, and sometimes tends to appear abundantly in one cell (Fig. 9, 10) .
The dark parafollicular cells are occasionally found in each of the experimental groups (Fig. 11) . They are variable in shape, but usually polygonal. The cytoplasm is dark and small in general, as it were compressed and condensed. The free ribosomes are relatively abundant.
The rough endoplasmic reticulum is complicated in structure, and is continuous to the perinuclear space between the inner and outer nuclear membranes, the latter showing the irregular bulging. The Golgi apparatus of the dark cell is not so prominent, and the secretory granules are small in number.
Changes in the parafollicular cells after calcium injection and hypophysectomy
In order to clarify any change in the number of secretory granules in the parafollicular cells, the glutaraldehyde fixation followed by osmic acid is more useful than the single fixation with osmic acid, even though the latter is more effective in preserving the ultrastructure. After glutaraldehyde fixation some mitochondria tend to swell and the cristae are sometimes crushed. In spite of this failure to preserve the mitochondria satisfactorily, the secretory The parafollicular cells of the thyroid in the rats injected with calcium solution are shown in Figs. 14 to 18. The secretory granules are also varied considerably from cell to cell as in the case of normal control, but generally there is a tendency for the number of granules to decrease after calcium injection. Two hours after calcium injection, the number of granules already shows a slight decrease, but no prominent morphological changes in the other cell organelles could be found (Fig. 14, 15 ). On the other hand, four hours after the injection certain numbers of extremely degranulated parafollicular cells, which were never observed in the normal control, appeared intermingled with parafollicular cells containing various numbers of secretory reticulum. On the other hand, the parafollicular cells in hypophysectomized rats do not show any morphological changes (Fig. 19, 20) . The secretory granules are still abundant as in the parafollicular cells of the normal control rats, although the number of granules varies from cell to cell. None of the cells corresponding to the so-called degranulated cells appears in the Fig. 18 . The basal part of parafollicular cells 4 hours after calcium injection. The dense material contained in the secretory granules, which are situated along the basal plasma membrane, may be discharged through small openings towards the extracellular space facing the basement membrane (bm) as indicated by arrows. A blood capillary (cp) cantaining a red thyroids of hypophysectomized rats.
The distribution of population density of secretory granules of the parafollicular cells in each group of the normal and experimental rats is given as the histograms shown in Fig. 21 .
is about 4.3. By the administration of calcium it shifts to 3.4 at 2 hours and 2.1 at 4 hours after the injection. It must be noted that the population density of secretory granules of the VAN DYKE 1945 , DUMONT 1956 , KROON 1958 , TASHIRO 1964 , AOI 1966 , SATO et al. 1966 suggested that the parafollicular cells were from ultimobranchial origin, while another group of investigators (NONIDEZ 1932 , SUGIYAMA 1954 , STUX et al. 1961 , YOSHIMURA et al. 1962 , ITO et al. 1963 reported that the parafollicular cells were derived from the ordinary follicular cells. YOSHIMURA et al. (1962) suggested that the parafollicular cells and follicular cells were capable of transition and that the reversible transformation between them was controlled by thyrotrophic hormone. It is well known that the parafollicular cells exist in almost all mammalian species. STUX et al. (1961) confirmed that the parafollicular cells were distributed chiefly in the follicles of the central region, but were absent from the isthmus of the rat thyroid.
They also reported that the number of the parafollicular cells in rats was very small (one or a few percent of the total population of epithelial cells). Recently ITO et al. (1963) reported the existence of a large number of parafollicular cells in the raccoon dog. In the present study, the author felt that the parafollicular cells were rather easily recognized in each thyroid of experimental animals as well as the normal control, though the specimens were not obtained from any particular limited regions of the thyroid lobe. The double fixation with glutaraldehyde and osmium tetroxide seems to make the parafollicular cells easier to detect.
The functional significance of the parafollicular cells also has been discussed by many authors, Some of them supposed that the parafollicular cells might be concerned in formation of new follicles (EHRENBRAND 1954 , SUGIYAMA 1954 , SAITO and SHIBATA 1957 , KRAICZICZEK 1956 , YOSHIMURA et at. 1962 ITO et al. 1963 . On the contrary, other investigators considered the parafollicular cells to be secreting cells (TAKAGI 1922 , NONIDEZ 1932 , FLORENTIN 1932 , ALLARA 1939 , SUGIYAMA 1950 , SAITO 1956 , YOSHIMURA et al. 1962 ). TAKAGI (1922 suggested the possibility that the secretory product of parafollicular cells is extruded directly towards the interstitium. YOUNG and LEBLOND (1963) assumed that the parafollicular cells might be formed from the follicular cells, as the result of degeneration of the latter due to the fact that the cell lost a contact with the colloid and became unable to discharge their secretory product. In 1964, LUCIANO and REALE observed the fact that the secretory vesicles were opened to the extracellular space facing the basement membrane and the secretory product might be discharged through its opening. But they reported that such findings suggesting secretion mechanism of the parafollicular cell were rarely found.
In the present study with the use of glutaraldehyde fixation, the secreion discharge was through a small hole, and was observed more frequently and more clearly than reported by LUCIANO and REALE (1964) .
Concerning the probable hormone dependency of the parafollicular cell, SAITO and SHIBATA (1957) reported in the rat that neither were morphological changes found with the administration of thyrotrophic hormone, nor was the number of cells increased by hypophysectomy. THOMPSON et al. (1962) also studied the effect of hypophysectomy and administration of growth hormone. They observed the fact that the parafollicular cells increased in number after hypophysectomy, and that the growth hormone induced an increase in number of parafollicular cells in the rat. Furthermore, they indicated that a combination of the two procedures might multiply the effect on the thyroid parafollicular cells, that is the number of parafollicular cells in the rats hypophysectomized and treated with growth hormone increased more than those after either hypophysectomy or administration of growth hormone alone. The hyperplasia and proliferation of parafollicular cells by hypophysectomy and administration of thyroxine were observed by YOSHIMURA et al. (1962) . They found, on the other hand, that the parafollicular cells either diminished in number or disappeared, when thyrotrophic hormone was administered.
In the present investigation, however, no morphological changes in the parafollicular cells could be observed in the hypophysectomized rat. On the other hand, the histochemical properties of parafollicular cells were studied by SANDRITTER et al. (1956) . They described how the parafollicular cells contained lipid, glycoprotein and others, and that the activity of alkaline phosphatase and nospecific esterase in parafollicular cells was moderate and the degree of reaction between parafollicular cells did not differ. GABE et al. (1959) There is no substantial evidence to solve the question of whether or not the secretory materials of parafollicular cells may be the same substance as the serum calcium-lowering factor or calcitonin, which was discovered by COPP et al. (1962) and was confirmed to be a new hormone contained in the thyroid gland by HIRSCH et al. (1963 HIRSCH et al. ( , 1964 and FOSTER et al. (1964) .
In the present study, degranulaion of parafollicular cells is definitely recognized after administration of calcium solution. Almost empty cells appeared within four hours after calcium injection. These cells cannot be found in the normal thyroid, but are seen only in this experimental condition. LUCIANO and REALE (194) also described the "protoplasmaarme Zelle", which has clear cytoplasmic projections. The amount of cytoplasm in this cell is small and its cell-organelles are poorly developed. Therefore the "protoplasmaarme Zelle" are quite different from the degranulated cells observed in the present study. Furthermore, FOSTER et al. (1964) demonstrated an extensive vacuolation in cells of the thyroid gland perfused with the blood of low calcium level. They considered that this vacuolation might well be regarded as an artefact, but there was no reason to ignore its significance on that account. In the present study extremely degranulated cells appeared at four hours after calcium injection, and at that time the serum calcium level was at its minimum. The vacuolation demonstrated by FOSTER et al. (1964) are extensive in the parafollicular cells and yet the vacuolated cells appear to be in a group on their photomicrograph.
On the other hand, the degranulated parafollicular cells observed in the present study shows a tendency to appear singly, being intermingled with the granulated parafollicula cells retaining various degrees of granulation.
In spite of the wide variation in granule popuation from cell to cell, the number of granules is usually reduced in the calcium administered group, as shown in the histograms in Fig. 21 .
The degranulation of parafollicular cells may be regarded as a functional condition exhausting their secretory granules.
Therefore the acute administration of calcium solution may eliminate the secretory granules almost completely.
From these findings, it is most likely that the parafollicular cells might secrete the serum-calcium lowering factor or thyrocalcitonin, release of which is most evident after the administration of calcium. The parathyroid gland has not been observed simultaneously in the present study of calcium influence. Further studies on the relationship between the parafollicular cells and the production of thyrocalcitonin must be performed on the basis of the new data including the changes, if any, of the parathyroid cells.
Summary
The parafollicular cells of the thyroid glands in the normal, calcium-injected and hypophysectomized rats were observed with the electron microscope, with special reference to their secretory granules. The general structures in normal and experimental conditions of the parafollicular cells were described in detail. Two hours after calcium injection, the number of secretory granules showed a slight decrease, but no prominent morphological changes related to the other cell organelles could be found. Four hours after the injection a certain number of extremely degranulated parafollicular cells appeared, being intermingled with parafollicular cells which contain various numbers of secretory granules. In hypophysectomized rats, no morphological changes could be found and the secretory granules were still as abundant as in the normal control.
The distribution of population density of secretory granules of the parafollicular cells in each group of the normal, the calcium-injected and the hypophysectomized rats was measured. Following the administration of calcium, the number of granules clearly decreased.
The functional significance of the parafollicular cells was not totally
clarified, but it is most likely that the parafollicular cells secrete thyrocalcitonin.
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